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Abstract
Electroweak boson-tagged jet measurements provide a promising experimental channel to accurately study the physics
of jet production and propagation in dense QCD medium. In this talk, we present theoretical predictions for the nuclear-
induced attenuation of the differential cross section for isolated photon-tagged and Z0-tagged jet production in heavy
ion collisions, and provide theoretical interpretations to the recent LHC data. We demonstrate quantitatively the signif-
icance of collisional and radiative energy losses, as revealed in the strong momentum asymmetry dσ/dxVJ and nuclear
modification IAA in central lead-lead reactions.
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1. Introduction
Vector boson-tagged jet production in heavy ion reactions is considered to be a “golden channel” for the
study of jet quenching and the extraction of the properties of the hot dense medium. In this process, the tag-
ging vector boson escapes the QCD medium unscathed (without strong interaction). It has been confirmed
at this conference that the nuclear modification factors for γ and Z0 boson in Pb+Pb collisions at the LHC
are consistent with unity. On the other hand, the parton shower that recoils opposite the tagging boson is
quenched as it propagates through the hot dense medium. This channel provides very tight constraints on
the energy and flavor origin of the away-side prompt jets in heavy ion reactions, and enables us to quantify
precisely the flavor dependence of parton energy loss effects and to constrain the properties of the hot dense
medium.
Recently, approximately back-to-back isolated γ+jet and Z0+jet production in Pb+Pb collisions at√
sNN = 5.02 TeV have been measured at the LHC by the ATLAS and CMS collaborations [1, 2, 3]. Mo-
tivated by these new measurements, we present in this talk our theoretical calculations and comparisons to
the experimental data [4]. In our analysis, we include both collisional [5, 6] and radiative [7] energy loss
effects. In particular, we evaluate in both p+p and Pb+Pb collisions the transverse momentum imbalance
xJV distribution, where xJV = pJT /p
V
T with p
J
T and p
V
T the transverse momentum of the recoiling jet and the
tagging vector boson, respectively. In the analysis of xJV distribution, we show the sensitivity of this ob-
servable to the strength of jet-medium interactions. We also calculate the nuclear modification factor IAA for
γ+jet and compare to the CMS measurements, through which we show the relative contributions of radiative
and collisional energy losses of typical energy jets.
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2. Quenching of photon-tagged and Z0-tagged jet in heavy ion reactions at the LHC
We use Pythia 8 [8] to evaluate the isolated photon-tagged and Z0-tagged jet differential cross section in
p+p collisions, where the vector boson (isolated-photon and Z0-boson) and jet are selected according to the
desired kinematics to match the experimental measurements. To validate Pythia simulations, we checked
against CMS measurements for both photon-tagged and Z0-tagged jets in p+p collisions at the LHC at√
s = 7 TeV.
In order to implement the energy loss effects through the medium-induced parton shower on vector
boson-tagged jet production in Pb+Pb collisions at the LHC, we need the detailed information on the flavor
origin of Z0+jet and γ+jet production in p+p collisions. In Fig. 1, we show the fractional contribution
of the two subprocesses in Z0+jet (left) and γ+jet (right) production in p+p collisions. We find that the
contribution from Compton scattering (q(q¯) + g → V + q) is dominant (around 80%) for a wide pT range.
This implies that in heavy ion collisions at LHC energies, the medium modification of V+jet production is
dominated by quark energy loss, therefore, it serves as a golden channel to constrain the quark energy loss
mechanism in hot dense medium.
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Fig. 1. The fractional contributions of different subprocesses to the Z0+jet (left) and isolated-γ+jet (right) production cross sections in
p+p collisions at
√
s = 5.02 TeV.
We evaluate the medium modified vector boson-tagged jet cross section in nucleus-nucleus collisions in
the soft gluon emission radiative energy loss approximation, which reads
1
〈Nbin〉
dσAA
dpVTdp
J
T
=
∑
q,g
∫ 1
0
d
Pq,g()
1 − f lossq,g (R) 
dσNNq,g
[
pVT , p
J
T /
(
1 − f lossq,g (R) 
)]
dpJTdp
V
T
, (1)
where Pq,g() is the probability distribution that a fraction  of the energy of the parent parton is redistributed
through medium-induced bremsstrahlung, it can be calculated from the medium-induced gluon radiative
spectrum dN
g
q,g(ω,r)
dωdr of the parent quarks and gluons [10]. To take into account how much of the energy of the
medium-induced parton shower actually lost outside of the jet cone, we have included in Eq. (1) the factor
f lossq,g (R) [9] in the evaluation of the differential cross section.
From the evalulated 3-D pT distribution of the differential cross section, one can calculate the transverse
momentum imbalance xJV distribution as follows
dσ
dxJV
=
∫ pJ,maxT
pJ,minT
dpJT
pJT
x2JV
dσ(pVT = p
J
T /xJV, p
J
T )
dpVTdp
J
T
, (2)
where pJ,minT and p
J,max
T are matched to the desired cuts in the experimental measurements.
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In Fig. 2 we show the normalized momentum imbalance distributions for the Z0+jet production in
both p+p and Pb+Pb collisions, and compare to the CMS measurements at the LHC [1]. The two plots
show the unsmeared (left) and smeared (right) results, respectively. One can see that the xJZ distribution
from unsmeared Pythia 8 simulation is narrower than the one measured by the CMS experiment for the
p+p reference, while the smearing leads to better agreement with the data. The results of our theoretical
calculations in Pb+Pb collisions are shown for two different jet-medium coupling strengths g = 2.0 (green)
and g = 2.2 (magenta). One can clearly see the downshift of xJV as compared to p+p collisions and the
sensitivity to the jet-medium coupling strength. The downshift of xJV can be explained by the redistribution
of the energy of away-side parton shower, while the Z0-boson escapes out of the medium without strong
interactions. The energy redistribution on the recoil side reduces the jet transverse momentum and results
in the downshift of the xJV distribution in Pb+Pb collisions, as observed in experimental data.
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Fig. 2. The Z0-tagged jet asymmetry distribution at
√
s = 5.02 TeV in p+p (black) and Pb+Pb (red) collisions at the LHC. The
histograms shown in the left and right plots correspond to the unsmeared and smeared results, respectively.
Isolated-γ-tagged jet production in p+p and Pb+Pb collisions are also evaluated and compared to CMS
and ATLAS measurements as shown in Figs. 3. Similar to what we observed in Z0+jet production, the the-
oretical results of the difference between xJγ distributions in p+p and Pb+Pb collisions are quite compatible
with what is seen in experimental data. Again, the difference can be explained by the nature of parton energy
loss effects.
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Fig. 3. The isolated photon-tagged jet asymmetry distributions are shown and compared to CMS (left) and ATLAS (right) measure-
ments [2, 3].
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To further quantify the nuclear modification effects in isolated γ+jet production, we show in Fig. 4
the theoretical results of the nuclear modification factor IAA and the comparison to CMS experimental data
[1]. The energy loss effects are shown differentially in a combination of two different jet-medium coupling
strengths, g = 2.0 and g = 2.2, as well as with and without the collisional energy loss effects. As one can
see in Fig. 4, there is a sensitive kinematical dependence of IAA. The strongest suppression is observed
along the diagonal region of the transverse momenta of the trigger γ and the recoil jet: pγT ≈ pJT , which can
be naturally explained by the steeper falling cross section in the transverse momenta diagonal region, the
suppression in the region pJT > p
γ
T and enhancement in p
J
T < p
γ
T is characteristic of in-medium tagged-jet
dynamics.
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Fig. 4. The transverse momentum cuts dependence of IAA is shown in comparison to CMS data. We have chosen four different setups
of energy loss effects: with and without collisional energy loss for both g = 2.0 and g = 2.2.
3. Conclusions
In conclusion, we presented in this talk a timely study of vector boson-tagged (either isolated γ or Z0)
jet production in p+p and Pb+Pb collisions at the LHC. As can be seen from Pythia 8 simulations for p+p
collisions, both γ-tagged and Z0-tagged jets are very effective in selecting prompt quark-initiated jets and
are, thus, excellent channels for the study of flavor dependence of parton energy loss. In Pb+Pb collisions,
we have evaluated the transverse momentum imbalance xJV distribution modification and the tagged jet
nuclear modification factor IAA within the traditional energy loss approach (soft gluon radiation limit). We
found reasonably good agreement between the theoretical results and experimental measurements of these
observables. This agreement supports our understanding of the in-medium parton shower formation and
related QCD dynamics, as encoded in these calculations.
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